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© The solid state imager of an amplifying type 
having an amplifying element (4) for each photo 
receptor portion comprises a noise cancelling unit 
(1 5) for the amplified output of each photo receptor 
portion at every vertical line. The imager is rear- 
illuminated so that the numerical aperture and the 
sensitivity are improved due to a reduction of noise. 
Photo receptor portions (22) are provided for each of 
a plurality of pixels arranged in a matrix configura- 
tion in horizontal and vertical directions and each 
has said amplifying element (4) arranged on a major 
surface side of a substrate (20) for amplifying the 
signal charge accumulated depending on the quan- 
tity of light incident thereon. First and second signal 
holding units (Ci , C 2 ) are provided for holding during 
a horizontal blanking period amplified outputs of said 
photo receptor portions of two pixels (5) adjacent to 
each other in the vertical direction after passing 
through the noise cancelling unit (15). A signal read- 
ing unit (14-15) allows independent reading of the 
outputs of said first and second signal holding units 
(Ci, C 2 ). 




Horizontal Scanning Shift 
Register _ 



Rank Xerox (UK) Business Services 



1 



EP 0 481 373 A2 



2 



BACKGROUND OF THE INVENTION 
Field of the Invention 



The present invention relates generally to a 
solid state imager and more particularly to a solid 
state imager of an amplifying type having an am- 
plifying element at every photo receptor portion. 

Description of the Prior Art 



In a typical conventional solid state imager 
using a charge coupled device (CCD), a signal 
charge whose amount depends on incident light 
quantities stored in a photoelectric converting por- 
tion of each pixel is directly transferred to an 
output portion by means of the CCD, so that there 
has been such a drawback that the signal-to-noise 
(S/N) ratio of the signal change is likely to be 
degraded since noise components are contami- 
nated into the signal charge during the transferring 
thereof by the CCD. 

In order to obviate this drawback of the con- 
ventional solid state imager, there has been pro- 
posed a solid state imager of an amplifying type 
wherein there are provided a photo receptor portion 
having a photoelectric converting portion for storing 
a signal charge whose amount depends on incident 
light quantities, a unit for amplifying the signal 
charge accumulated in the photoelectric converting 
portion, and a unit for resetting an input of the 
amplifying unit is provided for each of a plurality of 
pixels arranged in a matrix or two-dimensional con- 
figuration, as disclosed in, for example, Japanese 
Patent Laid-Open Publication No. 1-154678. 

However, in this conventional amplifying type 
solid state imager, the fixed pattern noise due to 
defects of elements can be reduced by improving 
the manufacturing process of the imager, but the 
reset noise due to the characteristics etc. of the 
elements is hardly reduced since it is originated 
from the principle of the elements. Further, the 
conventional amplifying type solid state imager is 
of the front-illumimated structure, and so the nu- 
merical aperture is disadvantageously small. 

OBJECTS AND SUMMARY OF THE INVENTION 

Accordingly, it is a general object of the 
present invention to provide an improved solid 
state imager in which the aforementioned shor- 
tcomings and disadvantages of the prior art can be 
eliminated. 

More specifically, it is an object of the present 
invention to provide an improved solid state imager 
which is capable of reducing noises and improving 
the numerical aperture to provide a high sensitivity. 

According to an aspect of the present inven- 



tion, a solid state imager is comprised of a plurality 
of pixels arranged in the horizontal and vertical 
directions in a matrix or two-dimensional configura- 
tion and each having an amplifying element, the 

5 output of which is connected to the corresponding 
vertical signal line; a plurality of noise cancel cir- 
cuits, each being connected to the corresponding 
vertical signal line; a first hold unit for receiving the 
output signal of the n'th horizontal line during a 

w horizontal blanking period through the noise cancel 
circuit; a second holding unit for receiving the 
output signal of the (n + 1)'th horizontal line during 
a horizontal blanking period through the noise can- 
cel circuit; and a switching unit for selectively sup- 

75 plying the output signal of the noise cancel circuit 
to the first hold unit or to the second hold unit. 

According to another aspect of the present 
invention, a solid state imager is comprised of 
photo receptor portions each provided for the cor- 

20 responding one of a plurality of pixels arranged in a 
matrix configuration to the horizontal and vertical 
directions and each having an amplifying element 
provided on a major surface side of a substrate for 
amplifying a signal charge accumulated depending 

25 on incident light quantities incident thereon, in- 
cident light being radiated on a rear surface side of 
the substrate; a plurality of noise cancelling units 
each provided for the corresponding vertical line 
for cancelling noise included in the outputs of the 

30 corresponding amplifying elements; first and sec- 
ond signal holding units for holding during a hori- 
zontal blanking period amplified outputs of the 
photo receptor portions of two pixels adjacent to 
each other to the vertical direction passed through 

35 the noise cancelling unit; and a signal reading unit 
for independently reading outputs of the first and 
second signal holding units. 

According to the solid state imager of the 
present invention, noises included in the amplified 

40 outputs of the respective photo receptor portions 
are eliminated by the noise cancel units each pro- 
vided for the corresponding vertical line, and the 
amplified outputs of the respective photo receptor 
portions of the two pixels adjacent to each other to 

45 the vertical direction are held during a horizontal 
scanning period, and then the held amplified out- 
puts are independently read out, whereby a non- 
interlace television signal can be obtained. 

Further, according to the present invention, a 

so noise cancelling unit is provided for the amplified 
outputs of the respective photo receptor portions of 
each vertical line so as to decrease noises such as 
the reset noise and the smear, and further the solid 
state imager is configured to be the rear-illumi- 

55 nated structure, so that the sensitivity of the solid 
state imager can be improved due to the reduction 
of the noises and the numerical aperture thereof 
can be also improved. 
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The above and other objects, features and ad- 
vantages of the present invention will become ap- 
parent from the following detailed description of an 
illustrative embodiment thereof to be read in con- 
junction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a circuit diagram illustrating a main 
part of a solid state imager according to an 
embodiment of the present invention; 
FIG. 2 is a sectional view illustrating the struc- 
ture of one unit cell; 

FIG. 3 is a diagram illustrating the potential 

distribution of the one unit cell of FIG. 2; 

FIG. 4 is a rear view illustrating a part of the 

solid state imager according to the embodiment 

of the present invention; and 

FIGS. 5A to 5E are a timing chart for explaining 

the operation of the circuit of FIG. 1 . 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENT 

A preferred embodiment of the present inven- 
tion will now be described with reference to the 
accompanying drawings in which like reference nu- 
merals denote like or corresponding elements 
throughout the drawings. 

FIG. 1 is a circuit diagram illustrating a main 
part of a solid state imager according to an em- 
bodiment of the present invention, wherein, among 
a plurality of pixels arranged in a matrix configura- 
tion to horizontal and vertical directions, the circuit 
configuration of one pixel of each of only adjacent 
two lines, that is, n'th and (n + 1)'th lines is shown 
for the simplification of the explanation since other 
pixels have the same circuit configurations. 

Referring to FIG. 1, when light is incident on 
each pixel, a signal charge whose amount depends 
on an incident light quantity is stored in a storage 
(ST) 1. The storage 1 and an output gate (OG) 
switch 2 connected thereto constitutes a one-bit 
charge coupled device (CCD). A metal oxide semi- 
conductor field effect transistor (MOSFET) 3 for a 
reset operation and a source follower MOSFET 4 
for an amplifying operation are formed on the same 
chip as the CCD, and a gate of the MOSFET 4 for 
the amplifying operation is connected to a floating 
diffusion (FD) to constitute a floating diffusion am- 
plifier (FDA) 5. 

In the floating diffusion amplifier 5, a gate elec- 
trode of the output gate switch 2 is connected to an 
output gate (OG) signal line 6, a gate electrode of 
the MOSFET 3 for the reset operation is connected 
to a reset gate (RG) signal line 7a, and a drain 
electrode thereof is connected to a a reset drain 
(RD) signal line 7b. A horizontal line is selected by 



applying from a vertical scanning shift register 8 an 
output gate pulse 4> OG , a reset gate pulse 4> RG , and 
a reset drain pulse <f> RD to the gate electrode of the 
output gate switch 2, the gate electrode of the 

s MOSFET 3 for the reset operation, and the drain 
electrode thereof, respectively. A drain electrode of 
the MOSFET 4 for the amplifying operation is sup- 
plied with a power supply voltage V DD and a source 
electrode thereof serving as an output terminal 

70 Vout is connected to a vertical signal line 9. In this 
configuration, when one horizontal line is selected, 
the signal charge of the pixel of the selected hori- 
zontal line is amplified by the MOSFET 4 for the 
amplifying operation to be applied to the vertical 

15 signal line 9. 

A load transistor 1 1 is connected to the vertical 
signal line 9 through a transfer gate switch 10, so 
that the amplified signal charge of each pixel ap- 
plied to the vertical signal line 9 is stored in a noise 

20 cancelling capacitor Co through the transfer gate 
switch. An output terminal of the capacitor Co is 
connected to a clamping switch 12, which is turned 
on in response to a clamping pulse <j>c\ applied to a 
gate electrode thereof to thereby clamp a voltage 

25 of the output terminal of the capacitor Co at a 
clamping level Vclp. The noise cancelling capacitor 
Co and the clamping switch 12 constitute a cor- 
related double sampling (CDS) circuit 15 for de- 
creasing reset noise etc. included in the source 

30 output signal of the MOSFET 4. 

The output signal of the noise cancelling ca- 
pacitor Co is applied through a buffer amplifier 13 
to a change-over switch 14, which in turn selec- 
tively applies the output signal to first and second 

35 signal holding units, e.g., sample-and-hold capaci- 
tors C1 and C2 to thereby sample and hold the 
output signal. The change-over switch 14 is con- 
trolled by a sample-and-hold pulse </> S h generated 
in a horizontal blanking period such that it is al- 

40 ternately connected to the capacitors C1 and C2 at 
every one line. Thus, an output signal of a pixel on 
an even number line and that on an odd number 
line are held in these sample-and-hold capacitors, 
for example, capacitors C1 and C2, respectively. 

45 The signals held in the capacitors C1 and C2 

are applied through buffer amplifiers 1 6— 1 and 
16-2 to horizontal gate switches 17-1 and 17- 2 , 
which in turn apply the signals to horizontal signal 
lines 18-1 and 18-2 by the switching operations 

50 thereof responding to horizontal shift pulses <f> H 
applied thereto from a horizontal scanning shift 
register 19, respectively. 

FIG. 2 shows a cross-sectional view of the thus 
constituted solid state imager of the present inven- 

55 tion, that is, a cross-sectional view of the storage 
(ST), output gate (OG), reset gate (RG), reset drain 
(RD), and drain electrode (V D d). gate electrode and 
source electrode (Vout) of the FET 4 in one unit 
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cell (one-bit CCD). The FET 4 may be a junction 
FET instead of the MOSFET shown in FIG. 2. As 
clear from FIG. 2, the solid state imager according 
to the present invention is constituted in a manner 
as described below. Firstly, electrode element 
groups constituting the floating diffusion amplifier 
(FDA) are arranged on a major surface of a thin 
silicon substrate 20, and then an Si02 film 21 is 
deposited thereon by the chemical vapor deposi- 
tion (CVD) process, etc. An S1O2 film 22 is pro- 
vided on a rear surface of the silicon substrate 20, 
then horizontal aluminum lines 23 and vertical alu- 
minum lines 24 are interconnected in a matrix 
pattern configuration on the SiC>2 film 22 as shown 
in FIG. 4 to thereby connect the reset drain (RD) 
and the output terminal (Vout) of the amplifying 
MOSFET 4 to the lines 23 and 24, respectively. 
Thus, the solid state imager is constituted such that 
incident light is radiated on the rear surface side of 
the silicon substrate 20, that is, a rear-illuminated 
structure. 

Thus, since the solid state imager is construct- 
ed to be the rear-illumination type, only the hori- 
zontal and vertical aluminum lines 23 and 24 are 
interconnected on the rear surface side of the 
silicon substrate 20, thereby improving a numerical 
aperture (NA) remarkably to provide a high sen- 
sitivity. 

An operation of the one unit cell (one pixel) 
selected by the vertical scanning shift register 8 
and the horizontal scanning shift register 19 in the 
solid state imager according to the present inven- 
tion will be explained in accordance with a time 
chart in FIG. 5 with reference to the sectional 
diagram of the cell in FIG. 2 and a potential dis- 
tribution diagram in FIG. 3. 

Firstly, in a horizontal blanking period, as 
shown in FIG. 3, a reset voltage V RD of a high level 
(e.g., 5 V) of the reset drain pulse 4> RD is applied at 
a time point t1 to the reset drain (RD) of only the 
n'th horizontal line to be selected in the vertical 
direction, while a low level voltage (e.g., 1.5 V) is 
applied to the reset drains of the remaining hori- 
zontal lines, whereby one horizontal line (the n'th 
line) is selected (refer to FIGS. 5A to 5E). At this 
time, the reset gate pulse <£ RG of a high level is 
applied to the floating diffusion FD of a pixel of the 
selected horizontal line to reset it, then the voltage 
of the floating diffusion FD becomes a high level to 
make the the gate electrode of the amplifying 
MOSFET 4 also a high level. On the other hand, 
the voltage of the floating diffusion FD of each pixel 
of the non-selected horizontal lines is kept at a low 
level, so that the voltage of the gate electrode of 
the amplifying MOSFET 4 is smaller than the volt- 
age of the floating diffusion FD by a threshold level 
Vth (e.g., 0.5 V) as shown by a dotted line in FIG. 3 
to place the MOSFET 4 in a cut-off state. 



Then, the voltage of the reset-gate pulse <£rg is 
shifted to a low level at a time point t2 to place 
each of the MOSFETs 3 for the reset operation in a' 
cut-off state. In this state, the clamping switch 12 is 

5 made in the ON state by the clamping pulse <t>c\ of 
a high level applied thereto to thereby clamp the 
output terminal of the capacitor Co at the clamping 
level Vclp. When the clamping pulse <#>cl is shifted 
to a low level at a time point t3 or disappears, the 

70 clamping switch 12 is turned off. 

The capacitor Co and the clamping switch 12 
of the CDS circuit 15 can cancel a fixed pattern 
noise (FPN) due to defects of elements, fluctuation 
of the threshold level Vth due to variations of the 

75 offset input to the source follower MOSFET 4, low 
frequency (l/f) noise of the source follower, reset 
noise generated in resetting the FDA, and smear 
due to incident light on the signal lines and the 
CCDs, whereby a frame memory which has been 

20 used in a signal processing system in order to 
eliminate the fixed pattern noise of the prior art can 
be removed. 

Thereafter, the output gate (OG) 2 is turned on 
in response to the output gate pulse <£og of a high 

25 level at a time point t4 to thereby start transferring 
the signal charge stored in the storage (ST)1 to the 
floating diffusion (FD) so that all signal charge 
stored in the storage is transferred to the FD until 
the output gate pulse <#>og becomes low level or 

30 disappears at a time point t5. The change-over 
switch 14 is then changed over to the sample-and- 
hold capacitor C1 side in response to the sample- 
and-hold pulse <£ S h of a high level at a time point t6 
to thereby apply the signal voltage to the capacitor 

35 C1, and then the change-over switch 14 is turned 
off to be positioned at a neutral position as shown 
in FIG. 1 when the sample-and-hold pulse <j>$ H 
becomes a low level or disappears at a time point 
t7 to thereby hold the signal voltage in the capaci- 

40 tor C1 . 

Thus, according to the above-described opera- 
tion sequence, the signal charge of the n'th hori- 
zontal line is amplified by the amplifying MOSFET 
4 and stored in the capacitor C1 of the CDS circuit 

45 15, and thereafter, according to the similar opera- 
tion sequence, the signal charge of the (n + l)'th 
horizontal line is amplified by the amplifying MOS- 
FET 4 corresponding to the (n + 1)'th line and 
stored in the capacitor C2 of the CDS circuit 15. 

50 Accordingly, the signal charges of the two pixels 
adjacent to each other in the vertical direction can 
be read out independently during an effective or 
valid horizontal scanning period by controlling the 
horizontal gateswitches 17-1 and 17-2 in response 

55 to the horizontal shift pulses<£ H applied from the 
horizontal scanning shift register 19. Now, in the 
effective horizontal scanning period, the reset gate 
(RG) is set at a high level and the reset drain (RD) 
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is set at a low level (about 1 .5 V). 

In the reading operation, a non-interlace televi- 
sion signal can be obtained by reading out the 
signal held in the capacitors C1 and C2 alternately. 
Alternatively, the signals held in the capacitors C1 
and C2 may be read out simultaneously and then 
may be suitably processed by a signal processing 
system (not shown) to thereby obtain a non-inter- 
lace television signal similar to the sequential read- 
ing. 

When the signal charge stored in the storage 
(ST) 1 overflows, it is dumped through a lateral 
overflow train passing from the storage ST to the 
reset drain RD through the output gate OG and the 
floating diffusion FD shown in FIG. 2. Accordingly, 
since the reset drain electrode (RD) of the MOS- 
FET 3 for the reset operation is used not only for 
selecting the horizontal line but also for the over- 
flow train, the circuit configuration for selecting the 
pixel of the horizontal line and that of the overflow 
train can be simplified. 

As described above, according to the present 
invention, a noise cancelling unit is provided for the 
amplified outputs of the respective photo receptor 
portions of each vertical line so as to decrease 
noises such as the reset noise, the smear or the 
like, and further the solid state imager is configured 
to be the rear-illuminated structure, so that the 
sensitivity of the solid state imager can be im- 
proved due to the reduction of the noises and the 
numerical aperture thereof can be also improved. 

Having described the preferred embodiment of 
the present invention with reference to the accom- 
panying drawings, it is to be understood that the 
invention is not limited to the precise embodiment 
and that various changes and modifications thereof 
could be effected by one skilled in the art without 
departing from the spirit or scope of the novel 
concepts of the invention as defined in the appen- 
ded claims. 

Claims 

1. A solid state image comprising: 

(a) a plurality of pixels arranged in a matrix 
configuration and each having an amplifying 
element (4), the output of which is con- 
nected to a corresponding vertical signal 
line (9); 

(b) a plurality of noise cancel circuits (Co)- 
,each being connected to a corresponding 
vertical signal line (9); 

(c) first hold means (Ci) for receiving the 
output signal of an n'th horizontal line dur- 
ing a horizontal blanking period through said 
noise cancel circuit (15); 

(d) second holding means (C2) for receiving 
the output signal of a (n + 1)*th horizontal 



line during a horizontal blanking period 
through said noise cancel circuit (15); and 
(e) switching means (14) for selectively sup- 
plying the output signal of said noise cancel 
5 circuit (15) to said first hold means (C1 ) or 

to said second hold means (C2). 

2. A solid state imager according to claim 1; 
wherein said amplifying element (4) is con- 

10 stituted by a metal oxide semiconductor field 

effect transistor. 

3. A solid state imager according to claim 1, 
wherein said n'th horizontal line an (n + 1)'th 

75 horizontal line are selected by a vertical scan- 

ning shift register (8). 

4. A solid state imager according to claim 3, 
wherein each of said plurality of pixels has a 

20 reset drain region for selecting said n'th hori- 

zontal line or said (n + 1)'th horizontal line in 
response to a reset drain pulse W>rd) applied 
thereto from said vertical scanning shift regis- 
ter (8). 

25 

5. A solid state imager according to claim 1, 
wherein each of said noise cancel circuits is 
constituted by a correlated double sampling 
circuit (15). 

30 

6. A solid state imager, comprising: 

(1) photo receptor portions (22) each pro- 
vided for each of a plurality of pixels ar- 
ranged in a matrix configuration in horizon- 

35 tal and vertical directions and each having 

an amplifying element (4) provided on a 
major surface side of a substrate (20) for 
amplifying a signal charge accumulated de- 
pending on the quantity of light incident 

40 thereon, said incident light being radiated 

on a rear surface side of said substrate; 

(2) noise cancelling means (15) each pro- 
vided for each vertical line for cancelling a 
noise included in the output of the cor- 

45 responding amplifying element (4); 

(3) first and second signal holding means 
(C1 , C2) for holding during a horizontal blan- 
king period amplified outputs of said photo 
receptor portions of two pixels adjacent to 

50 each other in the vertical direction passed 

through said noise cancelling means (15); 
and 

(4) signal reading means (14-17) for inde- 
pendently reading outputs of said first and 

55 second signal holding means. 

7. A solid state imager according to claim 6, 
wherein the output signal of said signal reading 
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means is taken out from the rear side of said 
substrate. 

A solid state imager according to claim 6, 
wherein a reset drain electrode (RD, 23) for 
dumping the signal charge stored in said photo 
receptor portion is formed on the rear surface 
side of said substrate. 
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© The solid state imager of an amplifying type 
having an amplifying element (4) for each photo 
receptor portion comprises a noise cancelling unit 
(15) for the amplified output of each photo receptor 
portion at every vertical line. The imager is rear- 
illuminated so that the numerical aperture and the 
sensitivity are improved due to a reduction of noise. 
Photo receptor portions (22) are provided for each of 
a plurality of pixels arranged in a matrix configura- 
tion in horizontal and vertical directions and each 
has said amplifying element (4) arranged on a major 
surface side of a substrate (20) for amplifying the 
signal charge accumulated depending on the quan- 
tity of light incident thereon. First and second signal 
holding units (Ci , C2) are provided for holding during 
a horizontal blanking period amplified outputs of said 
photo receptor portions of two pixels (5) adjacent to 
each other in the vertical direction after passing 
through the noise cancelling unit (15). A signal read- 
ing unit (14-15) allows independent reading of the 
outputs of said first and second signal holding units 
<Ci, C 2 ). 
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In certain types of precision operational amplifier circuits, the 
effects of the input offset error voltage of the operational amplifier 
must be minimized* The conventional approaches to the problem do not 
compensate for later drifts in the error voltage, or introduce additional 
sources of offset error which may become significant. 

One method of nulling out the offset error dynamically is illustrat- 
ed in the above circuit which depicts correction within a simple inverting 
amplifier. Normally, the circuit operates as an inverting amplifier 
with switches 2 and 3 open, and switch 1 closed. The voltage across 
capacitor 4 is so low as to be ignored in the calculations. During a 
nulling cycle, the positions of switches 1, 2, and 3 are reversed. In 
this mode, the ratio of resistors 5 and 6 are specified to produce a 
large gain by amplifier 7. The output of amplifier 7, in turn, comprises 
a voltage which is a large multiple of the input offset voltage applied 
to amplifier 8. Amplifier 8 is a unity gain inverter which inverts the 
output of amplifier 7 and applies it through switch 3 to the positive 
(+) input of amplifier 7. The steady-state voltage V produced at the 
positive input of amplifier 7 will be: c 

(R f + R T ) R T 
V - - z E, - 1 E 
c 7 ^8 

(R f + 2R X ) (R f + 2R X ) 

where E and E g are the input offset errors of amplifiers 7 and 8, 
respectively. As the gain of amplifier 7 is set high (R tf » R T ) t the 
equation simplifies to: f 1 
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thus completely cancelling the input offset error of amplifier 7, 
Capacitor 4 stores this voltage until the switches 1, 2, and 3 revert to 
their original states to permit amplifier 7 to perform its normal J 
function. 

By operating the circuit in this manner, all manual adjustments of 
the circuit are eliminated, and overall performance is improved without 
introducing additional offset errors into the circuit. This circuit has 
broad applicability in all types of operational amplifier configurations, 
and is not limited to the preferred embodiment herein described but has 
broader application in other operational amplifier circuits* 
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